Esophageal cancer is the 6th most common cancer in the world, and genetic factors ( p53 mutations) in addition to the environmental factors (food, nutrition, smoking, drinking, etc.) are involved in its development. In this study, the association between the both factors, environmental risk factors for esophageal cancer and p53 mutations, in tumor tissues was investigated in 77 patients living in a high-incidence area and 50 patients living in a lowincidence area in Hebei Province, China. Among these patients, p53 mutations were observed in about 50%, without regional differences in the respective frequencies. G : C > A : T (G to A or C to T) transition mutations were the major type of mutations observed in patients in the high-incidence area (19 patients, 50%), whereas G : C > A : T transitions and insertions were observed with equal frequency (8 patients, 33.3%) in the low-incidence area. As for the association with environmental factors, p53 mutations occurred with higher frequency in patients with a daily intake of spicy foods and in those who used unboiled well water in the low-incidence area. Logistic regression analysis showed no association between food intakes and p53 mutations in high-and low-incidence areas. Thus, higher frequency of spicy food intake and use of unboiled well water may be risk factors of esophageal cancer via p53 mutations in China. esophageal cancer; molecular epidemiology; p53 mutations; spicy foods; unboiled well water
The incidence of esophageal cancer is relatively high in China, where many studies have been conducted to clarify the environmental risks (AICR/WCRF 1997). The findings that the intake of fresh vegetables was lower, and the levels of various micronutrients in the blood were lower in people living in a high-incidence area than in those living in a low-incidence area suggest that a deficiency of micronutrients is one of the risk factors of esophageal cancer (Guo et al. 1990; Key 1994) . Malnutrition is also considered to be a risk factor in esophageal cancer (Cheng and Day 1996) . We conducted a quantitative analysis of the food intake of people living in areas of high, medium, and low incidence of esophageal cancer in Hebei Province, China. The daily intake of potatoes, fruit, vegetables, and meat was significantly lower in people in the high-incidence area than in those in the low-incidence area, whereas the use of well water, including the amount of many nitrate compounds, was higher in the former than in the latter (Yokokawa et al. 1999) . In relation to the lowered intake of food, the intake of carotene, vitamin A, and vitamin C was also estimated to be lower in people living in the area with a high incidence of esophageal cancer. These results suggest that environmental factors such as a low intake of vitamin-enriched foods or the use of well water contaminated by nitratenitrogen may be important risk factors for esophageal cancer in China. In addition, the intake of spicy foods has also been noted as a risk factor for esophageal cancer in China (Hu et al. 1994 ). However, smoking and alcohol drinking habits have not been regarded as environmental risks for esophageal cancer in China, although these factors are considered significant risks for esophageal cancer in developed countries (Ablimit et al. 2003) .
p53 is linked to tumor suppressor function, control of the cell cycle, and apoptosis, and many types of mutations of this gene are commonly found in human cancer (Hollstein et al. 1991) . The frequencies were 40% -50% in lung (Suzuki et al. 1992) , colon (Pheifer 2000) , bladder (Hainaut and Hollstein 2000) , esophageal (Montesano et al. 1996) and stomach cancers (Tamura et al. 1991) , and 25% or 30% in liver (Shimizu et al. 1999 ) and breast cancers (Olivier and Hainaut 2001) . The findings that p53 heterozygous (+/−) mice are susceptible to nitrosoamine-induced esophageal carcinogenicity further supports the important role of p53 gene (Shirai et al. 2002; Nishikawa et al. 2003) . Many studies on p53 mutations in relation to the molecular pathology of esophageal cancer have been conducted in China (Lung et al. 1996; Collins 1998; Xing et al. 2003) . We have also previously investigated the frequencies and spectrum of p53 mutations in esophageal cancer tissues of patients living in high-, medium-, and low-incidence areas in China, and found p53 mutations in approximately 50% of these patients (Yamanoshita et al. 2005) . Although there have been many studies concerning food intake, smoking and/or drinking habit as relates to the etiology of esophageal cancer, no study has been conducted on the association between the diets of such patients and the spectrum of p53 mutations.
In this study, we investigated the frequency and spectrum of p53 mutations in esophageal cancer tissues of patients living in high-and lowincidence areas in Hebei Province, China, and associated the findings with putative risk factors for cancer.
PATIENTS AND METHODS

Subjects
Hebei Province is located in the center of northern China; it covers an area of 187,700 square kilometers, and consists of 139 Xians. The population of the province is approximately 61,082,000. Two district sampling areas were selected as follows according to the different mortality rates for esophageal cancer: a high-incidence area of esophageal cancer (Ci-Xian county), where the mortality of males and females was 147/100,000 and 79/100,000, respectively; and a low-incidence area (Chicheng-Xian county), where the mortality of males and females was 8/100,000 and 3/100,000, respectively. In the high-incidence area, inhabitants were informed about the prevention of esophageal cancer by avoiding high-risk foods such as hot foods, dried potatoes, moldy foods, and pickled vegetables; this educational program has been ongoing for the past 20 years. Moreover, inhabitants have been required to use quality-controlled water drawn from deep wells. Subjects in the high-incidence area included 77 patients who were admitted to the hospital of Ci-Xian Cancer Institute from June 1997 to May 1998, and these patients had undergone esophagectomy for esophageal squamous cell carcinomas (75 patients) or adenocarcinomas (2 patients). Almost all of the esophageal cancer patients in Chicheng-Xian County, the low-incidence area, were admitted to the hospital affiliated with Zhang Jia Kou Medical College in Zhang Jia Kou City. Subjects in the low-incidence area included 50 patients who were admitted to the hospital and who had undergone esophagectomy for esophageal squamous cell carcinomas (43 patients) or adenocarcinomas (7 patients) from June 1997 to May 1999. These subjects were not treated by radiotherapy nor by chemotherapy before surgery. The experimental use of the specimens was approved by the ethics committee of each hospital.
Survey of nutritional status
All subjects agreed to participate in the present study after they were informed about the study purpose and methods. To identify the association between dietary habits, lifestyle, or food intake and p53 mutations in the esophageal cancer tissues, a questionnaire was administered to the subjects before they underwent esophagectomy according to the method of Yokokawa et al. (1999) with slight modification. The questionnaire consisted of 5 sections for all subjects: 1. Questions on sociodemographic data such as name, gender, age, address, occupation and working conditions. 2. Family history of esophageal cancer, complaints associated with esophageal cancer. 3. Dietary habits such as frequencies (more than once per day, several times per week, or none) of intake of spicy foods, hot food, green vegetables in winter, dried potatoes, moldy foods, and pickled vegetables, along with use of well water and drinking unboiled water. 4. Smoking habits (smoking status was classified as never, ex-, or current smoker, and by the number of cigarettes smoked per day and years of cigarette smoking) and alcohol consumption (i.e., the kind of alcoholic beverages consumed and the consumption per day). 5. Food intake-frequency per week through the use of a questionnaire explained in detail elsewhere (Nakajima et al. 2002) . The questionnaire was modified to reflect the typical nutritional habits of the Chinese. The patients were interviewed by their surgeons regarding their intake of different food groups (cereals, potatoes, sugar, confections, fruit, vegetables, soybeans and soy products, eggs, milk and dairy products, fish, meat, nuts, juice and oils). The frequency of food intake was assessed according to 1 of 5 categories (never, 1 to 3 times/week, 4 to 6 times/ week, 1 to 2 times/day, more than 2 times/day). One serving of food was considered to be 50 g. The amount of food intake per day was calculated by multiplying the frequency of food intake by 50 g. The intake of protein, fat, carbohydrates, total energy, and vitamins was calculated from the food intake using the Standard Tables of Food Composition in Japan, which shows the nutrient content per 100 g of each food (Kagawa 1987) . Food and nutrient intake was expressed in terms of grams, international units, calories, and milliliters per day per person.
Gene analysis
The open reading frame of p53 is 393 amino acids long, and mutations are found especially in this region of the gene product (Hollstein et al. 1991) . This sequence encompasses exons 5 -8, where most of the evolutionarily-conserved amino acids are concentrated. Thus, mutation analyses have been confined principally to these exons. All specimens were divided into normal and tumor sections under macroscopic observation, chilled on ice directly after surgery, and stored at -80°C until use. DNA from a small portion of cancerous esophageal tissue (20 -30 mg) was extracted using the QIAamp mini-kit (QIAGEN, GmbH, Hilden, Germany) according to the manufacturer's instructions. Four exons (exons 5 to 8) of p53 were amplified from esophageal cancer tissue genomes using Ampli Taq Gold (Perkin-Elmer, Norwalk, CT, USA). Mutations screened by the DHPLC method were confirmed by the sequencing analysis reported by Yamanoshita et al. (2005) .
Data analyses
The subjects were classified into positive or negative categories with respect to p53 mutations, and according to residence area (high-and low-incidence areas). Chi-squared test, two-tailed Fisher's exact test or Student's t-test were conducted to determine the statistical significance between groups. Logistic regression analysis was also conducted when comparing food intakes with p53 mutations in esophageal cancer tissues in the high-and low-incidence area, respectively. Daily intakes of foods and presence of p53 mutations were used as independent and dependent variables, respectively. A probability value < 0.05 was considered significant. All values were expressed as numbers (%) or means ± S.D.
RESULTS
p53 Mutation and demographic data
Pathologically, all subjects (esophageal cancer patients) excluding 9 patients with adenocarcinomas were diagnosed as squamous cell carcinomas; no bias of positive p53 mutations between patients with squamous cell carcinomas and adenocarcinomas was seen in these patients. Therefore, all specimens were included for further TABLE 1. Frequency and spectra of p53 mutations in esophageal tumor tissues High-incidence area Low-incidence area analysis. The mean age was significantly lower in subjects of the high-incidence area than those of the low-incidence area (Table 1) . Esophageal cancer was more common in the male than the female population in both survey areas. p53 mutations in the esophageal cancer tissue were seen in similar proportions (47 and 48%) in the high-and low-incidence areas, respectively. There was no age difference among patients with p53 mutations in the high-and in the lowincidence area. p53 mutations occurred predominantly in exons 5 and 8 in the high-incidence area (36 and 33%, respectively, among all mutations).
In the low-incidence area, the mutations were predominantly in exon 7 (46%). However, the observed differences between areas of incidence were not significant ( p = 0.0532). The frequencies of p53 mutations were compared in terms of patterns of mutations, a base substitution or a 1 -3 bp insertion/deletion. Mutations with substitutions seemed to be more abundant in the highincidence area than in the low-incidence area, whereas those with insertion/deletion seemed to be more abundant in the latter area than in the former area ( p = 0.0573). No regional differences with respect to the pattern of substitutions, transition mutations, transversion mutations, or other mutations were seen ( p = 0.1638). G : C > A : T (G to A or C to T) transitions were most commonly observed in the highincidence area (50%), whereas G : C > A : T transitions and insertions were observed at equal frequency in the low-incidence area (33.3%). Among the transversion mutations, there were many types of substitution in the high-incidence area, whereas only the G > T type of substitution was seen in the low-incidence area.
Family history of esophageal cancer and p53 mutations
Family history is related to heredity but also environmental factors such as dietary habits. In accordance with a previous report (Yokokawa et al. 1999) , the percentage of patients with a family history of esophageal cancer differed between the two survey areas: the percentages of patients with a father or brothers/sisters who had suffered from esophageal cancer were significantly higher in the high-incidence area than in the low-incidence area (Table 2) . However, no differences were seen between areas in terms of the percentage of patients with a mother or a grandparent who had suffered from esophageal cancer. In addition, no relationship between p53 mutations among patients and a family history of esophageal cancer were noted. Table 3 shows the relationship between habitual food intake and p53 mutations in esophageal cancer tissues. The frequencies of patients who had spicy foods, hot foods, green vegetables in winter, dried potatoes, and pickled vegetables were significantly greater in the low-incidence area than in the high-incidence area. Alcohol consumption and drinking unboiled water also occurred with greater frequency in the former area than in the latter area. In contrast, frequencies of the use of well water were greater in the highincidence area (almost 100%). The relationships between the frequency of food intakes and p53 mutations were compared (Table 3 ). In the low-incidence area, the spicy food intake, drinking unboiled water, and using well water were risk factors for p53 mutations. Regarding the habit of drinking unboiled water in particular, all patients with p53 mutations used well water. When the odds of patients without inclusion of lifestyles for positive p53 mutations were 1.0, odds ratios of each lifestyle were calculated. Significant associations were observed in cases involving the intake of spicy foods or use of well water and p53 mutations. Smoking and alcohol drinking habits were not associated with p53 mutations. Surprisingly, smokers were more frequent among the p53 mutation-negative group, with an odds ratio of 0.20 in the low-incidence area. In the high-incidence area, neither diet and drinking nor smoking was found to be related to p53 mutations. Since almost all of the patients in the high-incidence area used well water, no patient habitually used unboiled water: all reported using boiled well water.
Lifestyles and p53 mutations
No associations were observed between patterns of p53 mutations, substitutions, or other changes (e.g., 1 -3 bp insertion/deletions) and food intake preferences in either area (data not shown).
Lifestyles and p53 mutation spectra
By combining the p53 mutation data with information regarding lifestyles such as spicy food intake, use of unboiled water and smoking in the high-incidence area with the corresponding data from the low-incidence area, the relationships between lifestyles and region or p53 mutation pattern were investigated. Patients with a habit of spicy food intake had p53 mutations in exons 7 and 8 rather than in exons 5 and 6 (Table  4) . In contrast, no genetic regional difference of p53 mutations was observed between patients OR, odds ratio of lifestyles; odds of patients without these lifestyles for positive p53 mutations was 1.0. CI, confidence interval. a Significant differences were seen between patients in high-and low-incidence areas. b Significant differences were seen between patients with (positive) and without (negative) p53 mutations. b Tow patients with double mutations were included in the group with transition mutations. c Including ex-smokers. ** p < 0.01 significant differences were seen between patients with (yes). and without (no) spicy food intake in high-and low-incidence areas.
with and without the use of unboiled water or well water (data not shown). Among the patients with p53 transversion mutations, 56% (9/16) reported a daily intake of spicy food, which seemed to be slightly higher than the percentage among those with transitions (10/31, 32%) and other mutations (5/13, 39%) ; however, the difference was not statistically significant.
In contrast, transition mutations appeared to occur more frequently in smokers ( p = 0.0909). When significance was compared between smokers with transition mutations and those with other patterns of mutations (transversions and other), the probability was 0.0287. G : C > A : T mutations (87%) were the major type of transition mutation, but this type of mutation not associated with smoking ( p = 0.1041).
Food intake and p53 mutations
There were no associations between food intake and p53 mutations, except that a smaller intake of potatoes and butter was observed among patients in the high-incidence area (Table 5a) . Although not statistically significant, the intake of animal fat and vitamin C appeared to be lower in patients without p53 mutations than among those with the mutations (Table 5b ). In contrast, the intake of vegetable fat was significantly lower in patients with p53 mutations than those without Logarithmic transformation was conducted before the statistical analysis. * Significant differences were seen between patients with and without p53 mutations ( p < 0.05).
the mutations; this finding may be due to differences in the total intake of cereals.
In the low-incidence area, no significant difference was seen in terms of several types of food intakes, nutrients, and p53 mutations (Tables 6a  and 6b ). Logistic regression analysis suggests that food intakes were not correlated with p53 mutations in both esophageal-incidence areas (data not shown).
DISCUSSION
In the present study, p53 mutations in esophageal cancer tissues were seen in 50% of patients in high-and low-incidence areas in Hebei Province, China, with no regional differences as regards mutational frequencies or patterns. The frequency of particular mutations was quite similar to frequencies reported elsewhere (Montesano et al. 1996) . No significant differences in terms of the p53 mutational spectrum from exons 5 to 8 were seen among patients from either incidence area. In the low-incidence area, p53 mutations occurred more frequently among patients with a daily intake of spicy foods, which is a risk factor for esophageal cancer (Hu et al. 1994 ). The reason for this interaction could not be determined among patients in the high-incidence area, but this finding could be the result of an interventional education program promoting the avoidance of high-risk factors for esophageal cancer, such as the consumption of spicy foods, which has been carried out for the past 20 years. One of the frequently consumed spicy foods in this district is red chili pepper, which is also a suggested risk factor for gallbladder cancer in a high-incidence area in Chile (Serra et al. 2002) . It has been noted that p53 mutations are frequently observed in patients with gallbladder cancer, and among these patients, the spectrum revealed a very high incidence of transition mutations (G : C pairs) (Lazcano-Ponce et al. 2001) .
Use of well water is widely discussed as a potential risk factor for esophageal cancer in China (Rabes 1986 ). The use of unboiled well water might have led to p53 mutations in patients in the low-incidence area, but neither genetic regional specificity, nor a specific mutational pattern was observed. This result suggests that the presence of certain volatile materials in the well water may cause p53 mutations. Although all patients used well water in the high-incidence area, the water was boiled, which is one known intervention for protecting the inhabitants of that area against esophageal cancer. In a previous study, we reported that lowered intakes of potatoes, fruit, vegetables and meat are risk factors for esophageal cancer. The intake of these foods in the high-incidence area in terms of esophageal cancer in China was very similar to that among the esophageal cancer patients in the present study, but was lower than that in the lowincidence area (Yokokawa et al. 1999) . Of these food-related environmental factors, the daily intakes of potatoes and butter were significantly lower in patients without p53 mutations than among those with them. However, these factors were not included as a tumorigenesis for esophageal cancer via p53 mutations by logistic regression analysis, suggesting that smaller intakes of potatoes and butter may not be related to the tumorigenesis of esophageal cancer via p53 mutations.
The prevalence of G : C > A : T transitions was 87% among all transition mutations. Nitroso compounds contained in tobacco smoke and food produce O 6 -alkyl-guanine adducts, and can result in G > A transition mutations (Lozano et al. 1994; Wang et al. 1996) . The present results suggest that smoking more frequently caused transition mutations, especially G : C > A : T transitions. Although smoking was not associated with esophageal cancer in China, it may nonetheless influence the p53 mutational pattern in the esophagus. Thus, some associations were observed among several environmental factors for esophageal cancer, and the incidence of p53 mutations and its spectrum patterns. The relatively small number of subjects with p53 mutations in this study might have masked the true influence of these environmental factors on the present results. There remains the possibility that dietary intake might have been altered among these patients after the symptoms of dysphagia appeared, which might slightly influence the results regarding the associations between diet and p53 mutations. However, the subjects in the current study were all esophageal cancer patients, and therefore the information bias with respect to the data analyses might be negligible in this case. As regards the use of well water, there may be no connection with the symptoms of dysphagia.
In conclusion, p53 mutations are an important factor in molecular tumorigenesis of the esophagus. Frequent spicy food intake and the use of unboiled well water may be risk factors for esophageal cancer via the molecular pathway of p53 mutations in the low-incidence area. Figures represent the mean ± S.D.
